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also lower rice paste viscosity (Ferrel and Pence 1964; Reece and Blakeney 1996) . However, these studies did not quantify the relationship between the level of lipids and paste viscosity.
Studies have been published on measuring the degree of milling and its effect on the nutritional and sensory attributes of cooked milled rice (Roberts 1979; Piggott et al 1991) . However, limited results have been published on the effect of degree of milling on rice pasting properties. The objective of this study was to quantify the relationship between the degree of milling and milled rice pasting properties.
MATERIALS AND METHODS
Two medium-grain cultivars, Bengal and Orion, and two longgrain cultivars, Cypress and Kaybonnet, were harvested in 1995 and 1996 from the University of Arkansas Rice Research and Extension Center at Stuttgart, AR. The 1995 samples were aged at 20°C for at least a year while the 1996 samples were kept at 4°C before analysis. Immediately after harvest, the rough rice samples from each cultivar were cleaned in a Carter-Day Dockage Tester (Carter-Day Co., Minneapolis, MN). After cleaning, the samples were conditioned to 12-12.5% moisture content (MC) inside a chamber set at 21°C and 53% relative humidity (RH). [Unless otherwise specified, all MC values are reported on a wet basis.] The air conditions inside the chamber were controlled by a temperature and RH control unit (PG&C 300 CFM Climate-Lab-AA Model No. AA-5460A, Parameter Generation & Control Inc., Black Mountain, NC).
Two 150-g portions of rough rice from each cultivar were dehulled in a McGill sample sheller (Rapsco, Inc., Brookshire, TX). The resulting brown rice was milled in a McGill #2 mill (Rapsco, Inc., Brookshire, TX) operated with a 1.5-kg weight that was positioned on the mill lever arm 15 cm from the mill saddle centerline. Milling durations used were 15, 30, 45, or 60 sec. Head rice were separated from brokens with a sizer (Seedburo Equipment Co., Chicago, IL) and weighed to obtain head rice yield. The head rice fractions from the two milling samples were combined and used for subsequent testing.
The degree of milling (DOM) of each milled rice sample was measured with a milling meter (MM-1B, Satake USA Inc., Houston, TX). Also, surface lipid contents were determined in duplicate following the petroleum ether extraction method of Chen et al (1997) .
To measure total lipid content, milled rice samples were ground in a Cyclotec mill (Udy Corp., Fort Collins, CO) fitted with a 0.5-mm screen. Total lipid content of each ground sample was determined with a Soxtec fat extractor using petroleum ether as solvent (Approved Method 30-20, AACC 2000) . The MC of the ground rice was measured by drying 2-5 g samples for 1 hr in an oven at 130°C (Juliano et al 1985) . The MC values were used to calculate the amount of rice flour needed to prepare the rice flour slurry for pasting properties measurements. Pasting properties of each sample were separately analyzed (Viscograph-E, C.W. Brabender Instruments, South Hackensack, NJ; and a Rapid Visco Analyser RVA-4, Foss North America, Eden-Prairie, MN) following Approved Methods 61-01 and 61-02 (AACC 2000) . The properties measured from each pasting profile were peak viscosity (PV) and final viscosity at 50°C (FV). Two treatments were used to determine the effect of inactivating amylase on brown rice pasting properties. The first treatment consisted of dissolving 200 mg of mercuric chloride (HgCl 2 ) in the deionized water to be used for amylography. The solution was added to the flour, producing a slurry with a final concentration of 0.04% HgCl 2 . Amylography was conducted on this slurry as previously described. In the second treatment, the slurry was briefly acidified as described by Meredith (1970) . The calculated amount of rice flour was placed in a 1-L Erlenmeyer flask and 210 g of deionized water was added. After the flour was uniformly suspended, 20 mL of 1N HCl was added with stirring. The suspension was stirred for 20 min at room temperature before adding 20 mL of 1N NaOH to neutralize the suspension. The suspension was transferred to the amylograph bowl and the flask was rinsed with enough deionized water to obtain a total slurry mass of 500 g. Amylography was conducted as before.
Regression equations were developed using JMP and SAS procedures (SAS Institute, Cary, NC) to relate the pasting properties (PV and FV) of samples within the same cultivar and year to degree of milling. Contrasts were performed to compare the regression coefficients within the medium-and long-grain rice cultivars tested. For relationships that were not significantly different from each other, common slopes and intercepts were estimated. Results with P < 0.05 were considered to be statistically significant. An analysis of variance was performed with SAS general linear model (GLM) procedure at α = 0.05 to determine the significance of the differences observed in the paste viscosity values after the HgCl 2 and HClNaOH treatments.
RESULTS AND DISCUSSION
Rice degree of milling (DOM), measured with the Satake MM-1B milling meter, for all cultivars tested increased with milling duration (Fig. 1) . Regression of DOM with milling duration showed a logarithmic relationship with the increase in DOM values tapering at longer milling durations. As expected, head rice yield decreased with milling duration. Head rice yield for all the cultivars tested decreased from an average of 68% after 15 sec of milling to 62% after 60 sec of milling, with the exception of Kaybonnet harvested in 1995, whose head rice yield decreased 59-53%. Surface lipid contents decreased accordingly with increases in DOM (Fig. 2) . A similar trend was observed with the milled rice total lipid contents (data not shown). This result is consistent with previous observations (Sun and Siebenmorgen 1993; Chen et al 1997) and is expected because rice lipids are predominantly located in the bran layer, which is progressively removed during milling.
Individual regression equations were derived for relating the degree of milling (DOM, surface and total lipid contents) to peak and final viscosities (PV and FV, respectively) for each cultivar and harvest year combination (Tables I-III) . Negative slopes were obtained for the regressions between paste viscosities and surface and total lipid contents because of the inverse relationships between degree of milling and lipid content (Fig. 2) . Peak viscosities, measured with the amylograph and RVA, for all rice increased with degree of milling. The rates of increase were higher for mediumgrain than long-grain cultivars. The regression relationships between PV and DOM were statistically significant for Bengal and Orion, the two medium-grain rice cultivars tested. Similar results were obtained with the long-grain rice cultivars, except for the RVA PV values of Cypress harvested in 1995, which did not show a significant relationship with DOM. Overall paste viscosities of the 1995 samples (aged one year) were generally higher than the 1996 samples which were not aged, as indicated by the intercepts of the regression equations in Tables I-III . This is consistent with previous research showing that paste viscosity of milled rice increased during storage (e.g., Hamaker et al 1993; Chrastil 1994; Perdon et al 1997) .
In contrast with PV, the effect of DOM on final viscosity (FV), as indicated by the slopes given in Tables I-III was The effect of DOM on Bengal FV was similar to that of PV using the amylograph and RVA. The amylograph FV increased with DOM for Bengal harvested in 1995 and 1996, while the RVA FV increased with DOM only for Bengal harvested in 1996 (Table I) .
The increase in Bengal PV and FV with increased DOM may be explained by the higher amylase activity in Bengal. The effects of amylase inactivation treatments on amylograph paste viscosity of Bengal brown rice harvested in 1995 are shown in Fig. 3 . Overall paste viscosities of Bengal after HgCl 2 and HCl-NaOH treat- ments increased significantly. Comparison of amylograph PV values among the samples tested (Fig. 4) showed that both medium-grain cultivars, had significant increases in PV after amylase inactivation compared with the two long-grain cultivars. Bengal brown rice had the highest increase after HgCl 2 and HCl-NaOH treatments, 253 and 231%, respectively.
These results suggest that the amylase activity of Bengal brown rice was higher than that of the other three cultivars. Similar results were observed with the FV values. This may explain the higher increase in the PV and FV of Bengal with increased DOM. Like lipids, amylase is located mainly in the bran layer, which is removed during milling. Rice with a higher DOM will have less amylase and, thus, have higher paste viscosity. Contrast tests on the significant regressions were done to determine whether common slopes and intercepts (Figs. 5-8 ) could represent the relationships between the DOM and paste viscosities. A common regression line could represent the relationship between the DOM and amylograph PV for Cypress and Kaybonnet harvested in 1995 and 1996 (Fig. 5) . With the medium-grain rice, a common slope existed between DOM and PV for Orion harvested in 1995 and 1996, but not for Bengal (Fig. 6) . As mentioned earlier, Bengal harvested in 1995 had a very high amylase activity, which could have altered its behavior relative to the 1996 sample. Bengal harvested in 1996 showed lower increases in paste viscosities after HgCl 2 and HCl-NaOH treatments suggesting that the rice harvested in 1996 had lower amylase activity than those harvested in 1995. With the RVA PV, a common slope could represent each cultivar, including Bengal, across 1995 and 1996 (Figs. 7 and 8) . This result may suggest that amylography may be more sensitive than the RVA in measuring amylase activity. These results showed that for a given cultivar harvested in a given year, milled rice paste viscosity was linearly dependent on the DOM. Therefore, the DOM of rice should be considered when measuring paste viscosities.
CONCLUSIONS
The DOM of milled medium-and long-grain rice cultivars affected surface and total lipid content and pasting properties, specifically PV and FV. Milled rice surface and total lipid content decreased as DOM increased for all cultivars tested. Peak viscosity increased with DOM. Regression slopes of the relationship of PV versus DOM were greater with medium-grain than with longgrain cultivars. The DOM did not have a consistent or a highly significant effect on FV. The effect of DOM on PV and FV measured by amylograph or RVA across cultivars and harvest year could not be predicted by a single equation. The results suggest that, in general, the DOM (measured with the Satake milling meter or by surface or total lipid contents) significantly affected milled rice paste viscosity. It is, therefore, important to specify the DOM of a sample when comparing and specifying milled rice pasting properties.
